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Abstract The title compound belongs to a family o f  bihctcrocyclic ticnzofuranyl coumarins. The crystal sliucturc has been determined at room
lornperature using X-ray diffraction intensity data. Plate hkc colourless crystals are triclinic, spacegroup IM with unit cell dimensions a = 7 .640(13)A, 
/) -  t)65‘>(6)A. r  = I I.955(8)A, a  ~  85 27(7)“ =s 71.74(7)" and y -  72,72(8)" The structure was solved by direct melh(xi and refined by full matrix 
least squares method to a final /?=0 058 for 1836 observed reneclions.
Keywords . Oxygenated biheterocyclic bcnzofuranyl coumarins
PAC'S No. 6 1 .I0 .N z
Oxygenated biheterocycles containing coum arin furan and 
bcnzoluran moieties have been found to be anti-microbia!s| 1 ] 
and anti-inflammatory agents[2]. The title compound was one 
amongst a series o f sterically hindered 4-2'-benzo(b)furanyl 
coumarins! 3J. The spatial proximity of the methyl group on the 
benzofuran ring and the C3-H o f coumarin was demonstrated 
by ID difference N uclear O verhauer Enhancem ent (NOE) 
experiments- To further establish the orientation of the two rings 
the title compound has been subjected to X-ray diffraction 
studies.
Plate like colourless crystals are obtained with ethanol at 
room temperature by slow evaporation method. The intensity 
diita has been collected using CAD4 diffractometer using M oK a 
radiation (A = 0.7107 A) f4|. The data has been corrected for 
absorption by Psi-Scan [5],The crystallographic data are given 
in Table 1 . The structure has been solved by direct methcxl [6 ) 
and refined by full matrix least squares method [7] to a final R  = 
0.058 for 1836 observed reflections.
The frac tional co o rd in a te s  and eq u iv a len t iso trop ic  
femperature factors for non-H atoms are presented in Table 2.The 
ani.sotropic temperature factors for non-hydrogen atoms are
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Table 1. Crystal data for the title compound.
Crystal M orphology  
Crystal size 
C'hemieal formula 
Molecular weight 
Cry.stal system  
Space group 
Cell constants
Volume V 
Radiation used 
Number o f  formula units z 
Density (calculated) />^  
Density (Measured)
Unique data with measured 
Observed data with /  > 2cr( /)  
F(000)
R
('olourless plate like
O 3 X 0.3 X 0.2mm
( 20 H16 0 4
3 2 0  33
Triclinic
p T
a ^ 7.640(13)^1 
h ^ 0 .659(6)A  
r = 11.955(8)A  
<x «  85 21(1 r  
P ^ 1 \  .74(7)" 
y  = 72.72(8)"
799  9 (1 6 )A»
MoKcx (A = 0 .7 1 0 7  A) 
2
1.330gm /cm *
1.288gm/cm=*
2 8 0 4
1836
3 3 6
0 .0 5 8
© 20051ACS
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l ia b le  2 . Fraclional coordinates and 
for non-hydrogen atoms with e s d‘s
parameters (A^)
K  V  A rju n a  G ow da, I A Khan, M  V K u lkarn i a n d  N  C  S h iva p ra ka sh
isotrop ic thermal 
in parentheses.
A to m s U iso
c:2
C3
C'4
C5
C 6
C 7
C'8
C'9
CIO
C'2'
c\r
c:4' 
C'5’ 
C 6’ 
C'7‘ 
C8' 
c:9' 
C l  I 
C'I2 
CM 3
0 1
0 2
0 3
0 4
0 7 4 8 9 (4 )  
0 .7 7 5 5 (4 )  
0  6 7 1 2 (4 )  
0 .3 9 4 8 (4 )  
0 .2 5 6 1 (4 )  
0  2 3 8 7 (4 )  
0 .3 5 8 7 (4 )  
0 .4 9 8 3 (4 )  
0 5 2 2 2 (4 )  
0 .7 0 6 2 (4 )  
0 7 4 2 4 (1 )  
0 7 6 6 7 (4 )  
0 7 5 4 4 (4 )  
O 7 2 9 9 (4 )  
0 .7  136 (4 )  
0 7 2 2 7 (4 )  
0 .7 4 9 1 (3 )  
0 7 5 8 4 (4 )  
0 .7 6 5 2 (5 )  
O 1 3 0 8 (5 )  
0 .6 1 2 6 (3 )  
0 .8 4 1 5 (3 )  
0  6 9 7 3 (3 )  
0 .1 2 9 7 (3 )
-0  4 2 4 1 (3 )  
-0  3 1 2 2 (3 )  
-0 .1 7 1 7 (3 )  
0 0 0 6 5 (3 )  
O 0 3 1 2 (3 )  
-0  0 8 1 4 (3 )  
-0  2 1 9 3 (3 )  
-0  2 4 3 6 (3 )  
-0  1 3 3 9 (3 )  
-0  0 6 4 1 (3 )  
-O 0 6 7 1 (3 )  
0 1 470(3 )  
0 2 9 2 2 (3 )  
0 3 6 5 8 (3 )  
0 2 9 9 5 (3 )  
0 1 545(3 )  
0 .0 7 6 5 (3 )  
-0  1 8 9 0 (3 )  
0  3 7 5 0 (3 )  
O 2 8 0 2 (3 )  
- 0 .3 8 5 3 (1 8 )  
-0 .5 5  19 (2 )  
0 .0 7 0 2 (1 8 )  
0 .1 6 4 4 (2 )
0 .2 8 3 8 (3 )  
0 .1 9 9 6 (2 )  
0 .2 2 1 5 (2 )  
0 ,3 6 7 6 (2 )  
0 4 7 6 4 (2 )  
0 5 5 4 4 (2 )  
0 5 2 4 5 (2 )  
0  4 1 5 2 (2 )  
0 .3 3 5 3 ( 2 )  
0 1 3 0 6 (2 )  
0 .0  I 1 9 (2 )  
-0 . 1 3 5 5 (2 )  
- 0 ,1 4 0 8 (2 )  
-0 .0 3 7 7 (2 )  
0 0 6 9 9 (2 )  
0 .0 7 1 5 ( 2 )  
-0  0 2 7 3 (2 )  
-O 0 6 4 3 (2 )  
■ 0 .2 5 5 1 (3 )  
O 4 3 4 8 (3 )  
0 .3 9 0 3 ( 1 6 )  
0 .2 6 8 6 (  19) 
0 .1 7 0 0 ( 1 4 )  
0  5 1 5 9 (1 6 )
0 0 6 0 7 (7 )  
0 .0 5 8 2 (7 )  
0 0 4 9 4 (6 )  
0 .0 5 0 6 (6 )  
0  0 5 4 1 (7 )  
0 .0 6 4 7 (8 )  
0 .0 6 3 6 (8 )  
0 0 5 4 9 (7 )  
0 0 4 7 1 (6 )  
0 .0 4 9 5 (6 )  
O 0 4 7 1 (6 )  
0 0 5 2 5 (7 )  
0 0 5 6 6 (7 )  
0 0 6 2 8 (8 )  
0 060()( 7) 
0 .0 4 8 9 (6 )  
0 .0 4 7 0 (6 )  
0 .0 5 9 4 (7 )  
0  0 7 7  1(9) 
0 .0 8 0 2 (  10) 
0 .0 6 4 0 (6 )  
0 .0 8 0 0 (7 )  
0 .0 5 5 4 (5 )  
0 0 7 0 0 (6 )
presented in Table 3, Table 4 gives selected bond lengths and 
bond angles. An O RTEP [8 ] plot o f  the m olecule is as shov\-n m 
Figure J . The packing diagram  o f the m olecule dow'n 
shown in Figure 2.
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All the C-C and C-H bond lengths in the coumaim .uul 
benzofuran rings are characteristic o f  hybridised carbons 
However, the higher .vp~ C4-.vp^ C 2‘ bond length of 1.459( 4) \ 
indicates the absence o f tt-electron delocalization. A slmhi
T abic 3. A nisotropic d isplacem ent parameters (A*) for non -hydrogen atom s with c s.d's in parcnihcsts
A to m m  1 U 2 2 U 33 1112 LI 23 LI23
C 2 0 .0 7 3  1(2) 0 .0 4 6 2 ( 1 6 ) 0 0 6 9 2 (1 8 ) 0 .0 0 2 6 0  3 ) -0  0 3 1 5 0 6 ) -0  0 1 5 6 ( 14)
C3 0 .0 5 9 6 ( 1 8 ) 0 .0 5 2 7 ( 1 6 ) 0 .0 6 3 1 0  6 ) 0 .0 0 0 2 0  3) - 0 .0 2 3 8 (1 4 ) -0  0 1 1 4 (1 3 )
C 4 0 0 5 2 5 ( 1 6 ) 0 .0 4 8  I ( 15) 0 0 5 3 3 (1 4 ) 0 0 0 1 2 0  1) -0 0 2 2 2 (1 2 ) -0  0 1 6 5 ( 12)
C5 0 -0 6 1 4 (1 7 ) 0 .0 4 6 4 ( 1 4 ) 0 .0 4 7 1 (1 4 ) 0 .0 0 5 4 ( 1 1 ) - 0 .0 2 0 5 0  2) -0 0 1 7 3 0  2)
C 6 0 .0 5 9 9 ( 1 7 ) 0 .0 5 4 8 (  16) 0 .0 4 9 9 (1 5 ) -0  0 0 3 0 0  2) - 0 .0 2 0 2 0  3) -0  0 1 5 0 0  3)
C l 0  0 6 7 (2 ) 0 .0 7 8 0 ( 2 ) 0 .0 4 9 5 (1 6 ) 0  0 0 1 2 0 4 ) -0  0 1 2 5 (1 4 ) - 0 .0 2 6 2 0  6 )
C'8 0 .0 8 1 ( 2 ) 0 .0 6 1 4 ( 1 8 ) 0 . 0 5 6 2 0 6 ) 0 0 1 3 2 0  3) -0  0 2 2 1 0  5) -0  033.3(16)
C 9 0 0 6 6 9 ( 1 8 ) 0 .0 5 0 0 ( 1 5 ) 0  0 5 6 9 0  6 ) 0  0 0 2 3 0  2) -0 .0 2 5 5 (1 4 ) -0 .0 2 3 5 (1 3 )
CIO 0 0 5 5 5 ( 1 6 ) 0 .0 4 6 6 ( 1 4 ) 0 .0 4 6 8 ( 1 3 ) 0 ,0 0 2 5 0  1) -0 .0 2 2 4 (1 2 ) -0 .0 1 8 8 (1 2 )
C 2’ 0 .0 5 4 5 ( 1 6 ) 0 .0 4 5 6 ( 1 4 ) 0 051 1 0 4 ) - 0 .0 0 4 6 0  1) - 0 .0 1 5 3 0 2 ) -0 .0 1 7 7 (1 2 )
C3* 0 .0 4 1 7 ( 1 4 ) 0 .0 4 8 3 (  14) 0 .0 4 9 8 (  14) -0 .0 0 6 4 (1  1) 0 .0 1 2 6 (1  1) -0 .0 1 0 3 (1 1 )
C4' 0 .0 5 2 6 ( 1 6 ) 0 .0 5 7 7 ( 1 6 ) 0 . 0 4 6 0 0 4 ) -0 ,0 0 3 8 (1 1 ) - 0 .0 0 9 5 0  2) -0 .0 1 8 4 (1 2 )
C5' 0 .0 5 3 6 ( 1 7 ) 0 .0 5 8 1 ( 1 6 ) 0  0 5 8 2 (1 6 ) 0 .0 0 8 7 0  2 ) - 0 .0 1 3 7 0 2 ) -0 .0 2 1 6 0 3 )
C 6’ 0 .0 6 9 1 ( 1 9 ) 0 .0 4 7 5 ( 1 5 ) 0 .0 7 0 9 (1 9 ) 0 .0 0 2 1 ( 1 3 ) - 0 .0 1 3 6 0 5 ) -0 .0 2 3 9 (1 4 )
C7' 0 .0 7 1 2 ( 1 9 ) 0 . 0 5 3 5 0 6 ) 0  0 5 7 7 (1 6 ) -0 .0 0 8 4 (1  2) -0  01 2 7 0  3) -0 .0 2 6 3 (1 4 )
C8* 0 .0 5 0 9 ( 1 6 ) 0 .0 5 1 2 ( 1 5 ) 0 .0 4 6 8 ( 1 4 ) 0  0 0 0 4 (  11) -0 .0 1 2 1 (1 1 ) -0 .0 2 0 7 (1 2 )
C 9’ 0 .0 4 4 1 ( 1 5 ) 0 .0 4 9 2 ( 1 5 ) 0 .0 4 6 6 ( 1 3 ) -0 .0 0 3 1 (1  1) -0 .0 1  1 1 (1 1 ) -0 .0 1 3 6 (1 1 )
C l 1 0 .0 7 0 4 ( 1 9 ) 0 . 0 4 8 8 0 5 ) 0 .0 5 7 2 (1 6 ) -0 .0 1 0 3 (1 2 ) - 0 .0 1 9 8 (1 4 ) -0 .0 1 1 2 (1 3 )
C 12 0 .0 8 7 (2 ) 0 .0 7 9 0 ( 2 ) 0 .0 6 7 6 ( 1 9 ) 0 .0 1 8 4 ( 1 6 ) -0  0 2 3 1 (1 7 ) -0 .0 3 1 7 (1 8 )
C 13 0  0 9 8 (3 ) 0  0 6 0 2 0  8) 0 .0 6 5 3 0 9 ) 0 .0 0 3 4 0  5 ) -0 .0 2 1  1 (1 7 ) -0 .0 0 2 8 (1 7 )
O l 0 .0 8 2 5 ( 1 5 ) 0 .0 4 5 9 ( 1 1 ) 0 .0 6 5 6 ( 1 2 ) 0 .0 0 4 4 ( 9 ) -0 .0 2 5 2 (1 1 ) -0 .0 1 9 6 (1 0 )
0 2 0 .1 0 0 4 ( 1 7 ) 0 .0 4 7 8 0  2 ) 0 .0 9 0 0 ( 1 5 ) - 0 .0 0 0 1 0  0) - 0 .0 3 7 5 0  3 ) -0 .0 0 9 3 (1 1 )
0 3 0 .0 7 3 3 ( 1 3 ) 0 .0 5 1 5 0  0 ) 0 .0 4 6 0 (9 ) -0 .0 0 3 7 (8 ) -0 .0 1 5 2 (8 ) -0 .0 2 6 3 (9 )
0 4 0 .0 7 7 8 ( 1 4 ) 0 .0 6 2 8 ( 1 2 ) 0 .0 5 6 1 (1 1 ) -0 .0 0 1 8 (9 ) -0 .0 1 2 9 (1 0 ) -0 .0 0 7 8 (1 0 )
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deviation  is observed in the C2-C3 bond length o f 1 .430(4)A 'Rible 4. Selected bond lengths (A) and bond angles (*’). 
vvhich higher than the norm al C2-C3 bond length o f coumarin B o n d  le n g th s  
(1 375(4 ))A. The higher bond length o f  C3'-C 11 keeps the C H 3 —  
ind C3-H repulsion to the minimum.
Atom Bond length A tom
Majority o f the bond angles around sp^ and sp^ carbons arc 
in the normal range of 119-122'^ and 109-110° respectively. 
However, some significant deviations have been observed. The 
higher values around C 4-C 9-C 3' (134.5(2)°) and 128.5(2)° around 
Cl 1-C3‘-C2* keep the electronic repulsion to the minimum.
Thc benzene.ring o f the two coum arins are in close spatial 
proxim ity w ith  o p p o s ite  o r ie n ta t io n s .  P ro b a b ly , the 
mlermolecular a.ssociations o f the methoxy oxygen and the C7- 
W IS an important force of stabilization through O .. .H-C bonding. 
The methyl g roup  at C 5 ' on b en zo fu ran  is s tab ilized  by 
mlermolecular a ssoc ia tion  w ith the lac tone  oxygen. The 
benzofuran moieties o f the two m olecules are intercalating and 
are stabilized by Van der w aals forces. T hese are the two 
important features o f the m olecular packing which arc common 
all the orientations o f the m olecule.
The total m o lecu le  o f  tw o rin g s ado p ts  a non -p lanar 
arrangement. The benzofuran ring is at an angle o f 40° with 
respect to the coumarin ring. The C 3’-methyl group o f  benzofuran 
IS in spatial proxim ity to the C 3-H  o f coum arin which is in 
agreement with the NM R ( ID  difference N O E) results. Further 
the oxygen o f  the benzofuran m oiety is oriented towards the 
benzene portion o f  the coum arin which is also reflected in the 
‘light deshielding o f  C 5-H  o f  coum arin.
The non-planarity is also reflected in the two dihedral angles 
around the bridging atom s C 4-C 2’. T he C3-C4-C2*-03 dihedral 
^^gle shows the absence o f  an ti-perip lanar relation with a
Bond length
C9- CIO 1 .3 8 1 (4 ) C'9- 01 I 3 8 6 (3 )
C9- C'8 I 3 8 9 (4 ) C8- C'7 1 .3 7 5 (4 )
C7- C'6 1 .3 8 2 (4 ) C'6- 0 4 1 .3 7 4 (4 )
C6- C5 1 .3 8 1 (4 ) C5- CIO 1 4 1 5 (4 )
CIO- C4 1 .4 0 5 (4 ) C4 C3 1 .3 5 3 (4 )
C’4- C'2' 1 .4 5 9 (4 ) C3- C'2 1 4 3 0 (4 )
, C2- 0 2 1 2 2 3 (3 ) C2- 01 1 3 0 5 (4 )
c 2  - c y 1 3 5 9 (4 ) C2 - 0 3 1 .3 9 2 (3 )
1 3 7 1 (3 ) C'8 - C'7* I 3 8 0 (4 )
1 C8 - C9' I 3 8 2 (3 ) C7' CO 1 3 7 0 (4 )
1 C6‘- C5' 1 4 0 7 (4 ) C5' ('4' 1 3 7 5 (4 )
1 C5'- C l2 1 5 1 7 (4 ) C4 - C 9’ 1 .3 9 8 (3 )
1 C9*- C3' 1 4 3 7 (3 ) C3 - n  1 1 .5 0 2 (3 )
C l 3- 0 4 1 4 1 9 (4 )
B ond  angle.s
A tom Angle A lorn Angle
CIO- C'9- 01 121 6 (2 ) C’ lO- C'9- C'8 122 4 (3 )
0 1 - C9- C8 1 16 0 (2 ) C"7- C8- C9 I 1 9 .0 (3 )
C2- C3- C4 1 2 0 .4 (3 ) 0 4 -  CY>- C5 1 2 4 .3 (2 )
0 4 - (Y) C7 1 15 4 (2 ) C'5 CO- C 7 1 2 0 .3 (3 )
C6- C5- CIO 1 2 0 .4 (2 ) C'9- C IO- C5 117 3 (2 )
C9- C’lO- C4 118 0 (2 ) C5 CIO- ( 4 124 0 (2 )
C3- C4- C2’ 119 4 (2 ) C'3- C4- C IO 1 18 3 (2 )
C2'- C'4- CIO 122 3 (2 ) C'4- C’3- C2 122 7 (3 )
0 2 -  C2- 01 1 1 7 .2 (3 ) 0 2 -  C2- C3 1 2 5 .0 (3 )
0 1 - C9- C8 1 17 8 (2 ) C3'- C'2 - 0 3 I 1 I 7 (2 )
C3 - C2 - C4 132 4 (2 ) 0 3 -  C2 - C"4 1 15 9 (2 )
0 3 -  C8'- C 7' 1 2 5 .5 (2 ) 0 3 -  C8'- C9* I 10 7 (2 )
r r -  C8‘- C 9’ 123 7 (2 ) CO - CT~ C 8’ 1 15 9 (2 )
C7 - CO - C 5’ 1 2 2 .9 (2 ) c'4 - c:5 - C^ O' 1 1 9 .2 (2 )
C4'. C5 - C l 2 121 5 (3 ) CO - <?5 - C l 2 1 1 9 .3 (3 )
C5 - C4 - C9' 1 1 9 ,4 (2 ) C 8’. C9 - C^ 4* 1 1 8 .9 (2 )
C8 - C9 - C3* 1 0 6 .5 (2 ) C9' C3' 1 3 4 .5 (2 )
C2 - C3 - C9' 1 0 5 .7 (2 ) C2 - r y -  c n 128 5 (2 )
C9 - C3 - C l l 1 2 5 .7 (2 ) C8 - 0 3 -  c:2‘ 1 0 5 .3 6 (1 8 )
C6- 0 4 -  C l 3 1 1 7 .2 (2 )
dihedral angle o f -141.7(3)°. The C3-C4-C2*-C3’dihedral angle 
is -137.8(3)° which shows the gauche relationships o f  the two 
rings.
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